The school resources -educational outcomes debate has focused almost exclusively on spending levels. We extend this by analysing the relationship between student achievement and schools' budget allocation decisions using panel data. Per-pupil expenditure has only a modest relationship with improvement in students' standardised test scores. However, budget allocation across spending categories matters for student achievement, particularly in grade 7.
Introduction
Institutional design and resource management have taken center stage in the ongoing debate about education reform. Policy initiatives are increasingly motivated by a desire to ensure that educational resources are organised, managed, and used effectively so that schools can deliver better outcomes for children. In particular, the link between additional resources (e.g. more per-student expenditure, higher teacher salaries, or smaller class sizes) and improved educational outcomes is, at best, contentious (see Krueger, 2003; Hanushek, 2003 Hanushek, , 2006 . Without consistent evidence on the efficacy of increased resource levels, interest is growing in finding alternative ways to raise academic achievement. Moreover, the way that education systems are organised, monitored, and managed has clear links to student outcomes (e.g. Bishop, 1997; Fuchs and Woessmann, 2007; Schneeweis, 2011; Schütz et al., 2008; Schtz et al., 2007; Van de Werfhorst and Mijs, 2010) .
Governments in many countries have therefore moved to provide schools with more autonomy in an effort to make decision-making more responsive to the needs of individual school populations. Finally, there is mounting evidence that what students actually know -as measured by international standardised tests -is important for economic growth and that relatively small improvements in cognitive skill levels can translate into substantial improvements in a population's future well-being (see Fuchs and Woessmann, 2007; Hanushek and Kimko, 2000; Woessmann, 2008, 2011; OECD, 2010) . Thus, getting it right can matter a great deal.
This study contributes to this debate by analysing the relationship between student achievement and the allocation of school budgets. To this end, we use unique panel data that link Australian public-school students' standardised test scores to their schools' financial data (i.e., budgets and spending profiles) to estimate value-added models of student achievement. We focus on the state of Victoria where principals have responsibility for developing strategic plans, hiring teachers, and setting budgets which are then endorsed by their individual school councils. 1 1 Victorian school councils are legal entities which since 1983 are vested with powers pertaining 3 The autonomous, decentralised nature of educational decision making in Victoria allows us to assess whether principals' strategic management of resources underpins their schools' educational objectives. In particular, is student achievement growth related to the way that principals allocate their budgets? Are staff salary profiles linked to student test scores? Finally, do schools appear to allocate their resources efficiently?
In addressing these questions, we make two important contributions. First, the debate on school funding has focused almost exclusively on either (i) assessing the equity and adequacy of district-level funding (see Baker and Green, 2008; Downes and Stiefel, 2008) or (ii) understanding the impact of additional funding on educational outcomes (see Krueger, 2003; Hanushek, 2003 Hanushek, , 2006 Gibbons et al., 2012 , for reviews). While experts have certainly always recognised that how schools spend their money is at least as important as how much money they have to spend (e.g. Hanushek, 1996) , it has been nearly impossible to link spending decisions to educational outcomes at either the school or the student level. 2 We are aware of only one other study which, like ours, directly relates individual student achievement to schools' spending patterns. In particular, Nicoletti and Rabe (2012) find that, in the U.K., school-level spending on educational support staff and learning resources helps close the achievement gap between advantaged and disadvantaged students.
We extend this literature by analysing whether efficient resource allocation is related to students' achievement growth in an institutional setting in which school principals have a great deal of budget autonomy. Our insights are important in light of current proposals which would see U.S. schools also making more resource allocation decisions (James et al., 2011) .
Second, there is a growing literature in economics which assesses the effect of principals on student achievement (e.g. Branch et al., 2012; Clark et al., 2009; Coelli and Green, 2012) . This research typically relies on fixed-effects models which are to the governance of the school.
2 James et al. (2011) provide evidence that at the school system level achievement is negatively associated with spending on the improvement of instructional services and positively associated with spending on teacher salaries and benefits.
useful in isolating and quantifying principal impacts, but which tell us very little about the mechanisms through which principals influence student achievement. Experts are often left analysing the effect of principals' characteristics, e.g. experience, educational background etc. (Clark et al., 2009) or leadership style (Grissom and Loeb, 2011) in an effort to better understand why principals matter. Others have linked the amount of time principals spend in "organisational management" (i.e. managing budgets and resources, hiring personnel and managing school facilities) to student achievement growth and positive assessments of the instructional climate by teachers and parents (Horng et al., 2009) . Similarly, Branch et al. (2012) have linked principal effectiveness to teacher hiring and turnover, concluding that principals may affect outcomes by managing teacher quality. We extend this literature by moving beyond a simple analysis of principals' skill or time inputs into the education production function to consider the educational consequences of their strategic spending decisions.
We find that, consistent with much of the existing literature, additional perpupil expenditure has a modest relationship with improvement in students' standardised test scores. At the same time, the way that budgets are allocated across spending categories matters for student achievement, particularly with respect to outcomes in grade 7. Ancillary teaching staff seem especially important in promoting achievement growth in numeracy and reading in primary-and middle-school years. Spending on school leadership -primarily principals -is also linked to faster growth in literacy levels in these same grades. On the whole, however, it appears that decentralised decision making by Victorian principals has resulting in spending patterns that are broadly efficient. This paper is organised as follows. In Section 2, we begin by discussing the institutional context in which Victorian principals are operating. Section 3 outlines our value-added estimation framework while our data are described in detail in Section 4. Results are then presented in Section 5 and conclusions can be found in Section 6.
2 Decision Making in Victorian Schools
Education in Australia is managed at the state (or territory) level. 3 We focus our analysis on public primary-and secondary-school students in the state of Victoria. This is the second largest school system in Australia both in terms of number of schools and number of students. 4 Public schools represent approximately 68 percent of all schools in Victoria, educating approximately 63 percent of all fulltime students (DEECD, 2011c) .
Although most public schools in Australia have substantial autonomy, this is true even more so in Victoria which began decentralisation in the late 1960's. Unlike U.S. states which delegate decision-making authority to local school districts, decentralisation in Victoria resulted in a state-to-site funding model in which state funds are allocated directly to individual schools. The Education Act (School Councils Act) of 1975 created school council as legal entities and in 1983 school councils were vested with powers pertaining to the governance of the school. 5 Council powers were subsequently enhanced so that, by 1992, school councils had substantial autonomy to determine school policy and allocate budgets (Odden and Busch, 1998, Ch. 4) .
Since then, however, there has been a move toward increasing the responsibility of principals -who have clear goals and accountability -in managing schools.
Today, the management of Victorian school operations is categorically defined to be the role of principals. Principals lead the development of strategic plans, allocate budgets and implement policies. School councils mainly have oversight responsibilities which include assisting in strategic planning, approving annual budgets, and monitoring expenditure. 6 Consistent with their goal of supporting principals to ensure efficient school governance, school councils continue to be vested with 3 Australia has six states and two territories. Each effectively functions as a separate school district.
4 Victoria has approximately 1489 schools (including special schools and language schools) and 530,821 students in the public-school system (DEECD, 2011c).
5 The recommended size of school council is between 6 and 15 members including parents, education department representatives, the principal (who is an ex-officio member), and community members. Council members are elected for two years and elections are held annually.
6 For example, community members may be nominated for their expertise in finance (DEECD, 2010) .
power to enter into contracts, employ teachers on short-term contracts, charge fees to parents for goods and services provided by the school, and carry out construction (DEECD, 2009 (DEECD, , 2010 . Finally, school councils provide feedback on principal performance to the education department. The responsibility for renewing a principal's contract, however, rests with the regional director-a Victorian Department of Education and Early Childhood Development (DEECD) official-who takes into account the principal's performance against the benchmarks set in his or her contract and/or annual performance review. School councils also recommend candidates to fill vacant principal positions (DEECD, 2010) .
Victorian principals' financial management of their schools' budget is monitored in several ways. In particular, all principals must prepare an annual report including a summary of the school's financial performance and financial position. This summary must be consistent with school's operating statement, balance sheet and financial commitments summary, all of which are certified by the principal and school council president (DEECD, 2011b). The annual report is then submitted to DEECD's regional office and presented to the school community at a public meeting. 7
Method
Our estimation strategy relies upon a production function framework in which the output is a measure of educational achievement and school resources (i.e. per-pupil expenditure) are taken to be one of the inputs. Education is a cumulative process which implies that student achievement will be a function of investments made in previous periods (Boardman and Murnane, 1979; Todd and Wolpin, 2003) . Like others in the literature we assume that the effects of all previous inputs decline geometrically at the same rate over time leading to a value-added specification of the production function (see Hanushek et al., 2009; Harris, 2010, for details) . 8 In particular, we estimate the following value-added specification:
where A igst is an achievement measure for a student i in school s in grade g at time t.
As standardised testing is conducted for alternate grades in Australia (specifically in grades 3, 5, 7, and 9) we consider achievement growth over a two-year period. Thus,
denotes the achievement score of student i in the previously-tested grade level (g −2) at the school (s−2) two years earlier. Detailed information about the funding of schools, our data sources and variable construction are provided in Section 4.
In the above specification, X captures students' demographic characteristics and family backgrounds. Family background characteristics are particularly important in controlling for those educational resources available to children at home that may affect achievement growth. Information about schools' student body composition, location, size and type is included in S in order to account for school-level factors affecting student achievement.
Our objective is to assess the effect of school expenditure (E ) on educational achievement. We consider two models. First, school expenditure is measured by total per-pupil expenditure. Here θ captures the disparity in schools' educational attainment that is explained by the variation in schools' available resources as reflected in per-pupil spending. This model is consistent with the large literature which analyses the effect of additional funding on educational outcomes (Krueger, 2003; Hanushek, 2003 Hanushek, , 2006 Gibbons et al., 2012) . Second, total per-pupil expenditure is replaced by a vector that captures per-pupil expenditure in five different spending categories. The vector of coefficients, θ, is then informative about the efficiency of school spending decisions across Victorian schools. In particular, if resources are allocated efficiently in aggregate we would expect that the marginal effect of a dollar spent on achievement growth would be equal across spending categories.
The specification of the error term ( igst ) is important for understanding the assumptions necessary to achieve causal identification of θ (the coefficient of interest) and the other parameters in the model. Despite the many detailed studentand school-level controls included in the analysis (see Section 4), it remains possible that unobserved factors may be correlated with both educational achievement and schools' spending patterns leading our estimates to be biased. There is a great deal of ambiguity and disagreement about the appropriate way to account for unobserved heterogeneity (Hanushek et al., 2009 ). Many researchers turn to the inclusion of student-, grade-or school-level fixed effects as a convenient way of eliminating the effects of unobserved, time-invariant factors. The interpretation of the resulting estimates, however, depends on the combination of fixed effects included, i.e. on the source of identifying variation (Harris, 2010) . The data almost never permit all fixed effects (and their interactions) to be included simultaneously. Thus, researchers must make judgement calls about the specification that uses their data most effectively to best answer the particular question at hand.
In our case, we are particularly concerned about the potential for unobserved, student-level heterogeneity related to school spending to bias our results. Specifically, parents may be choosing schools on the on the basis of school resources and spending patterns (Rivkin, 2007) . Alternatively, parents and schools may target resources to students with particular needs (Gibbons et al., 2012) . By controlling for lagged educational achievement, the value-added specification given above takes an important step forward in accounting for the effects of unobserved, student-specific heterogeneity associated with family background, ability, etc. (Harris, 2010) . At the same time, the estimation error in equation (1) will implicitly also include any lagged achievement error (see Hanushek et al., 2009; Meghir and Rivkin, 2011; Harris, 2010) . If educational achievement is a function of unobserved, time-invariant, student-specific effects both the lagged and contemporaneous achievement error will be correlated with lagged achievement leading to biased estimates. 9 To deal with this, Nicoletti and Rabe (2012) propose a two-step estimation method which uses contemporaneous and lagged achievement tests across several domains to estimate a student-level fixed effects model. This allows them to control for any studentspecific effect that is invariant across those domains. In a similar spirit, we include measures of lagged achievement across multiple domains in A i(g−2)(s−2)(t−2) .
We are also concerned about the potential for school-level effects to confound interpretation of our estimates. Schools that have financially savvy school councils, for example, may be able to employ (or retain) principals that are more effective both in the financial management of the school as well in positively affecting educational outcomes. Bloom et al. (2012) , for example, find that -across countriesbetter management practices within schools are associated with better educational outcomes. The inclusion of the parental educational and occupational profile of students goes some ways towards addressing this concern. However, there may be unobserved heterogeneity in parents' involvement with the school that is not fully captured by these variables. Similarly, although we account for changes in principals across time, we have no other information about principals' that would allow us to account for heterogeneity in their ability, leadership style, or effectiveness.
Consequently, we include school fixed effects in the model to account for all remaining time-invariant, school-and principal-specific characteristics. Our estimates are then based on variation within schools across time, ignoring any variation in spending patterns across schools. 10 This choice implies that we will be assessing whether changes over time in the way that a school allocates its resources can be linked to growth in its students' achievement.
We therefore allow for the following error structure in our estimation:
In the equation above, γ t is a vector of time dummies which control for achievement differences that are common to students tested at the same time. 
Test Scores

Funding Allocation Rules and School Spending Measures
Since 2005, Victorian public schools have been allocated funds on the basis of a funding model referred to as the Student Resource Package (SRP). The SRP is composed of (i) student-based funding; (ii) school-based funding; and (iii) targeted initiatives. Student-based funding provides the major source of revenue and varies by grade-level as well as by school-level student, family and community characteristics. Per-pupil funding is higher in schools that are smaller, are more rural, or provide education for more disadvantaged students. In particular, schools with a high concentration of disadvantaged students (as measured by parental occupation and education), higher student mobility, or more students with English as a second language attract additional funds. School-based funds provide for school infrastructure and are school-specific, while targeted initiatives provide funds for 12 We use the 2008 national mean and standard deviation by grade and domain to standardise scores across all years in our data.
13 See Analysing NAPLAN Data at www.vcaa.vic.edu.au/Documents/naplan/analysingnaplan data.pdf (retrieved on Oct 13, 2012). (ii) expert teachers; (iii) inexperienced teachers; (iv) ancillary teaching staff, e.g. music or arts teachers, expenditure on supervision of student teachers, or specialist language staff; and (v) non-teaching items. Given the variable nature of non-SRP funding and the fact that CASES21 does not record how schools are spending their non-SRP funds, we choose to focus on SRP based per-pupil expenditure. 16 In particular, we believe that schools are unlikely to be hiring additional classroom teachers or senior executives on the basis of non-SRP funds which cannot be assured in the future. Therefore, our choice to focus on structured funds available to schools will exploit economically meaningful variation in expenditure that directly impacts student academic achievement.
Any potential mismatch in the timing of expenditure and observation of standardised test scores raises important concerns. First, as the school expenditure data are annual while standardised tests are administered in May of each year, timing differences may confound the effect of expenditure on test results. 17 A second con-15 See DEECD (2012) for details. 16 Non-SRP expenditure would also reflect change in schools' finances due to cashing in of longservice leaves, sick leave, maternity leave in addition to the local fund-raising and trading operations mentioned above.
17 A generalised value-added model that follows from a cumulative production function framework captures the effect of prior inputs through the inclusion of prior test scores. However, as standardised tests are administered in alternate grades in Australia, this is not sufficient to capture the effect of expenditure in the penultimate year of the test.
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cern is the possibility that attenuation bias will occur due to measurement error in schools' expenditure data. We use a measure of annual per-pupil expenditure averaged over two years to deal with both concerns. Specifically, our measure of expenditure (E st ) is given by:
where Expd st is the per-pupil SRP expenditure in year t and Expd st−1 and Expd st−2 are defined equivalently. The weights in equation (3) reflect the timing of testing and our value-added specification. Averaging in this way is expected to reduce measurement error, albeit at the cost of a loss in precision due to the decrease in within-school variation.
In order to minimise the effects of outliers, our analysis excludes schools with expenditure in the top 1 percent of the within-category (i.e. primary-or secondaryschool) expenditure distribution. We lose a total of 40 schools (1440 observations) from a sample of over 1300 schools. These schools are generally much smaller and spend, on average, almost twice as much per student. The Victorian funding model described above is an excellent setting in which to assess how the allocation of funds across different spending categories affects educational achievement. Our focus on public schools is also important in thatunlike in the private school sector-the same funding rules apply to all schools, conditional on enrollment and student composition. Thus, we are able to control for the process generating variation in per-pupil expenditure in order to focus explicitly on the allocation of that per-pupil expenditure. 
Other Controls
Information on student-and school-level characteristics comes from each school's administrative data. Time-invariant indicators of students' gender, Aboriginal/Torres Strait Islander status, language background (i.e. whether or not a language other than English is spoken at home) are recorded at the time of enrollment. Students' family background information including parental occupation and education are updated regularly through two annual school censuses. As funding is linked to the socio-economic profile of each school's student body, this information is likely to be highly accurate. Parental occupation is classified into six occupational groups, while parental education is classified into five categories (see Table A .2). Our analysis includes separate indicator variables for each of these.
We also include a range of school-level characteristics. To account for student body profiles which vary over time, we use the school's administrative data to construct measures of the proportion of students that are (i) female; (ii) Aboriginal/Torres Strait Islander; and (iii) native-English speakers. These proportions vary by school, year, and grade level. In addition, we include an indicator for schools 19 Results available on request.
that had no change in their principal at any point in our data period (2008) (2009) (2010) (2011) .
School fixed effects account for the school's geographic location and school type-i.e., primary (grade 6 and below) or secondary (grade 7 and above). 20 Finally, all our estimation models include a quadratic in the log of annual enrollment to account for school size. 21 Summary statistics for the student-and school-level variables included in our analysis are reported in Table A .1.
Results
Total Per-pupil Expenditure
The estimated effect of per-pupil expenditure on the growth in student achievement is shown in Table 3 . The results reflect the marginal effect of an additional $1000AUD in per-pupil expenditure on the growth (measured in std.) in students' achievement test scores.
We find that additional per-student expenditure results in larger gains in student achievement in grade 9 numeracy (0.05 std.) and in grade 5 writing (0.08 std.). While substantial, the imprecision commonly associated with fixed-effects estimation results in large errors and neither effect reaches statistical significance at conventional levels. 22 In almost all other cases, expenditure is not related to student achievement growth either statistically or economically. The exception is that additional spending results in significantly smaller gains in reading achievement (0.02 std.) as young people transition from primary to secondary school. This is 20 A small number of students (less than 5 percent) attend combination primary-secondary schools. In terms of enrollment these schools are comparable to secondary schools. We, therefore, consider them jointly with secondary schools.
21 Figures 1 through Figure 4 suggest that the relationship between numeracy achievement and a quadratic in the log of school size across grades is approximately linear. The relationship is similar for other domains. In preliminary analysis, we also estimated all models on a sample which excluded schools with very low enrollments. We found the estimates to be nearly identical and have therefore reported the results for the full sample.
22 Results are more precisely estimated when we use single-year expenditure rather than expenditure averaged over two years because we can exploit more of the within-school time variation in our data. Despite this, we have chosen to present estimates based average expenditure because this (i) reduces the potential for measurement error to lead to reversion to the mean (Nicoletti and Rabe, 2012) ; and (ii) allows us to more sensibly align the timing of expenditure with student outcomes.
somewhat puzzling and may indicate that some endogenous targeting of resources towards students with the greatest need remains despite our extensive controls (see Gibbons et al., 2012) .
The effect of school resources on improvements in Victorian students' achievement is similar in magnitude to that found in the U.S. and the U.K. 23 In particular, Nicoletti and Rabe (2012) find that in U.K. secondary schools an additional £1000 in per-pupil expenditure results in an increase in achievement growth of between 0.04 std. (numeracy) and 0.03 std. (English). Similarly, Gibbons et al. (2012) find that primary-school student achievement increases by 0.01 std. with each additional £400 in per-pupil expenditure. As we do here, these authors also control for lagged achievement and school-level fixed effects. In contrast, Greenwald et. al.
(1996) conducts a meta-analysis of the entire U.S. school resources literature and concludes that, across all studies, an increase of $500US in per-pupil spending is linked to substantially higher (0.15 std.) student achievement. 24
On balance, our results suggest that it is best to be cautious about the potential for increased funding levels to lift student achievement. 25 As Hanushek (2010) argues, it is not that schools' resources never matter, but rather that there does not seem to be any systematic relationship between resources and educational outcomes.
This conclusion is also highlighted in the analysis of schools in England by Machin et al. (2010) , who find considerable heterogeneity in the impact that resources have on schools with additional resources mattering more for poorer schools.
Disaggregated Expenditure
We turn now to consider the differential effect of per-pupil spending across each of our five alternative expenditure subcategories (see Section 4.2). Results are presented in Table 4 for numeracy, Table 5 for reading, and Table 6 for writing. As 23 For reviews of this literature see Gibbons et al. (2012) and Hanushek (2010) . 24 By conducting our analysis within a single school district, we avoid the positive bias that occurs when favorable district-or state-level educational policies are correlated with higher resources (Hanushek, 2003) . Thus, we generally expect our estimates to be lower than corresponding interdistrict estimates in the literature.
25 For more on this debate in the literature see Krueger (2003) ; Hanushek (2003 Hanushek ( , 2006 .
before, results can be interpreted as the marginal effect of an additional $1000AUD
in per-pupil spending on the growth (measured in std.) in student achievement.
Our results indicate that there is often a differential impact of per-pupil spending that occurs in one category relative to others. For example, additional expenditure on ancillary teaching staff results in significantly larger gains in numeracy achievement as students begin secondary school (grades 5 to 7) (see Table 4 ). Expenditure on inexperienced teachers and non-teaching related items has the opposite effect.
Substantial gains in primary-school (grades 3 -5) numeracy achievement are also closely linked to additional expenditure on ancillary teaching staff, though the effect is not quite significant at the 10 percent level.
Previous evidence suggests that numeracy test scores are more sensitive to principals' and teachers' actions than are English test scores (Clark et al., 2009; Rockoff, 2004; Rivkin et al., 2005; Kane et al., 2008) . 26 Interestingly, however, we do not find that the link between expenditure and reading or writing achievement is on the whole weaker than it is with respect to achievement in numeracy. This is particularly true in primary schools where substantial gains in student literacy between grades 3 and 5 are linked to additional expenditure on ancillary teachers (0.38 std.
reading) and expert teachers (0.22 std. writing). Expenditure on ancillary teachers is also associated with significantly larger gains in reading scores as young people enter secondary school (grades 5 to 7).
There is also evidence that expenditure on leadership and management personnel (including principals) results in faster growth in grade 5 writing skills (0.18 std.) and grade 7 reading levels (0.05 std.). This is consistent with the large literature demonstrating the importance of principals in delivering good educational outcomes by effectively managing schools (e.g. Horng et al., 2009 ) and attracting and retaining good teachers (e.g. Beteille et al., 2009; Branch et al., 2012) . Much of this literature is based on models which use school-fixed effects and leadership changes to however, researchers have been unable to explicitly consider the tradeoffs inherent in spending additional resources on school management. In short, concluding that good principals matter is not the same thing as concluding that it is effective to spend more money on principals, especially since that may result in reduced expenditure in other areas. Our results indicate that expenditure on principals can indeed be linked to improved literacy achievement -particularly for younger students.
It is difficult to put these results in context because very few studies explicitly consider the differential effects of spending school resources in alternative ways.
Those that do, however, confirm our finding that the composition of school expenditure matters. James et al. (2011) , for example, conclude that school-level achievement is higher when schools spend more on teacher salaries and less on instructional services. Similarly, Nicoletti and Rabe (2012) find that spending on classroom teachers is linked to higher test scores, while spending on substitute teachers is related to lower test scores. Moreover, these authors find that impact of additional resources varies across the distribution of student ability.
What do our results imply about the efficiency of schools' spending patterns?
Could better outcomes be achieved if school resources were expended in a different way? We address these questions by conducting a series of standard F-tests to determine the joint equality of our estimated marginal effects. We first test whether or not the effect of per-pupil expenditure is jointly equal across all five spending subcategories. If schools are on average allocating their resources in a way that maximises students' test scores, we would expect that the impact of an additional $1000 AUD of per-pupil expenditure would be approximately the same no matter how it was spent. Results are presented in the first panel of Table 7 . Second, we consider the efficiency of spending across the staff profile. Specifically, we test whether or not the effects of spending on experienced, inexperienced, and ancillary teachers are jointly equal (see panel 2). These tests are based on the estimation results presented in Tables 4 -6 .
We fail to reject the null hypothesis that the marginal effect of per-pupil spend-ing is equal across all spending categories in all but two cases. On the whole, it appears that in the Victorian context decentralised decision making by school principals has resulted in spending patterns that are largely efficient. At the same time, we reject equality in the case of grade 7 numeracy achievement. The results in Table 4 indicate that students' numeracy scores could be improved if resources were diverted from spending on inexperienced classroom teachers and non-teaching items into spending on ancillary teachers. Similarly, grade 7 reading achievement growth could be improved if schools increased their expenditure on ancillary teaching staff and reduced it in other teaching and non-teaching categories (see Table   5 ). These results are confirmed when we explicitly consider the efficiency of the way that expenditure is allocated across the teaching staff profile. We reject the null hypothesis that the marginal effect of per-pupil expenditure is the same for experienced, inexperienced, and ancillary teachers. Instead, we find that numeracy and reading achievement growth in grades 7 and 5 in Victorian schools could be improved by increasing spending on ancillary teachers and reducing it elsewhere (see Tables 4 and 5 ).
Finally, we test the hypothesis that the effect of spending on school leadership and management is equal to that of spending on teaching staff. To do this, we aggregate expenditure on experienced, inexperienced, and ancillary teachers and re-estimate our model with three expenditure subcategories: (i) leadership and management; (ii) teaching staff; and (iii) non-teaching items. We then test whether the marginal effect of expenditure on school leadership and management is equal to the marginal effect of expenditure on teachers. The results are presented in panel 3 of Table 7 . We reject the null hypothesis that the marginal effect of additional spending on school leadership is equal to that of additional spending on teachers in the case of grade 7 numeracy and reading achievement. In these two instances, achievement growth could be improved by increasing expenditure on school leaders including principals and reducing expenditure on teaching staff and non-teaching 20 supplies like books and computers. 27
Conclusions
It seems likely that institutional design and resource management will continue to factor heavily into the ongoing debate about educational reform. Policy makers are taking interest in evidence that -in well-developed educational systems with appropriate accountability -school autonomy can be linked to better outcomes . In the United States, for example, there are calls to link schools' financial systems to student learning in order to help decision makers understand what works (Gazzerro and Laird, 2008) .
This study contributes to this debate by analysing the relationship between student achievement and the allocation of school budgets in an institutional context in which principals have responsibility for developing strategic plans, hiring teachers, and setting budgets. Specifically, we use unique data linking Australian students' standardised test scores to their schools' financial data to estimate the effect of school expenditure patterns on the growth in student achievement.
Our results are important in highlighting that the way schools allocate their budgets matters for their students' educational achievement, particularly with respect to achievement growth between grades 5 and 7. Spending on ancillary teaching staff seems especially important in promoting achievement growth in numeracy and reading in primary-(grade 5) and middle-school (grade 7) years. Similarly, per-pupil expenditure on school leadership -primarily principals -is also linked to faster growth in literacy levels in these same years. Across Victorian schools as a whole, it appears that the autonomous decisions of thousands of school principals have resulted in a resource allocation that is broadly efficient.
Together these results lend weight to calls for educational reforms which provide 27 Using three spending subcategories, we find that additional spending on school leadership and management significantly increases achievement growth in grade 7 numeracy (0.05 std.) and reading (0.06 std.). In contrast, additional spending on teachers and non-teaching items has an insignificant negative or essentially zero effect on student achievement. Results available upon request.
incentives for decision makers -in our case school principals -to manage their resources well (see Hanushek, 2003 Hanushek, , 2006 . Victorian principals have a great deal of latitude in their decision making and it is this flexibility that may underlie our finding that across the Victorian system as a whole, resource allocation is broadly efficient. James et al. (2011) , for example, have argued that the lack of flexibility among U.S. principals has led to a great deal of inefficient spending. On balance, our results support political initiatives to give schools greater flexibility in resource allocation.
At the same time, it is important to note that Victorian principals' spending decisions are closely monitored by Education Department staff. The same administrative data system that allows us to link spending patterns to students' achievement test scores allows DEECD to monitor schools' financial accounts, audit results, spending patterns etc. and assign a "score" for financial management to each school annually. Moreover, Victorian school principals are publicly accountable for their spending decisions to their individual school council and to the school community as a whole. Thus, it is likely that sensible management and accountability systems in Victoria have been helped to limit the potential for individual principals to act opportunistically (see Wößmann, 2005) .
Finally, the previous evidence is clear that principals and teachers are important inputs into the production of student achievement (see for example Clark et al., 2009; Rivkin et al., 2005; Branch et al., 2012) . It is less clear, however, how spending on teachers, principals, and indeed other inputs should be allocated when budgets are fixed. Our results suggest that if the goal is to improve literacy and numeracy levels more -not less -should be spent on school leadership and management in middle-school years. Categories and (iii) Non Teaching. Test compares coefficent of (i) with (ii).
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